Aim of the study In this study we aimed to determine outcomes following arthroscopic ossicle excision in athletes with unresolved Osgood-Schlatter disease (OSD). Method Arthroscopy was performed on 11 patients (11 knees) with OSD between September 2008 and November 2014. Surgical treatment inclusion criteria were determined as: failure of conservative treatment; isolated pain over the tibial tubercle and distal patellar tendon; pain limiting sporting performance at a competitive level. All patients had a documented history of OSD; the mean duration of persistent pain over the tibial tubercle was 15.5 months. The mean age was 23 years. The mean follow-up period was 66.1 months. Results The mean latency in returning to sports related training activities after the surgery was 6.7 weeks. The mean Kujala patello-femoral score improved from 82.9 points preoperatively, to 98.5 points at the final follow-up (p < 0.01). The mean Lysholm knee scale score was 87.5 points in the pre-operative period, increasing to a score of 96.9 points at final follow-up (p < 0.01). The mean Tegner activity level score was 7.5 in the pre-operative period, increasing to 8.5 post-operatively (p < 0.01). Discussion We investigated the functional outcomes after arthroscopic treatment of unresolved OSD in athletes. All athletes with OSD showed satisfactory functional recovery following arthroscopic treatment. All patients were able to return to the same level of athletic activity. Conclusion Arthroscopic surgery for unresolved OSD has the major advantage of faster recovery and avoiding damage to the patellar tendon.
Introduction
Osgood-Schlatter disease (OSD) is described as the process of traction apophysitis at the tibial tuberosity. It occurs as a result of repetitive strain of (the patellar ligament originating from the) quadriceps muscle which causes chronic avulsion at the tibial tendon insertion [1, 2] . The recurrent forces exert tension from the quadriceps which are transferred to the weaker cartilaginous apophysis of the tibial tuberosity. The resulting injury is the partial avulsion of anterior cartilage segments through the ossification centre [3] . Pain, swelling, and enlargement of the proximal tibia at the site of the patellar tendon insertion are the most common presenting symptoms and signs that are intensified with physical activity (jumping, kneeling, and running) [4, 5] .
The symptoms disappear with conservative treatment in most patients; these include modifying activity, physical therapy, stretching exercises, ice/cold application, and antiinflammatory drugs [6] . Such conservative measures are sufficient to abate symptoms in adults as well as adolescents [1] , but symptoms may be persistent in a few cases where operative treatment may be indicated. Surgical excision of the ossicle and/or tuberculoplasty have been suggested to address OSD patients to relieve persisting symptoms [7] [8] [9] [10] .
Arthroscopy is a less invasive surgical procedure for most intra-articular pathologies. However, arthroscopic treatment in symptomatic OSD has been infrequently reported in the literature. Previous reports on this topic are composed of case reports and guidelines for various surgical techniques [8, 11, 12] . To our knowledge there is no reported case series where arthroscopic treatment of OSD was studied in athletes. The aim of this study is to report outcomes of arthroscopic ossicle (bone) excision in athletes with persistent, unresolved OSD.
Patients and methods
The study design was retrospective. Institutional Review Board approval and informed consent was carried out on the participants. Between the time period spanning from September 2008 and November 2014, arthroscopy was performed in 11 athletes (one female (9.1%) and ten male (90.9%)) with unresolved OSD. All of the patients were professional or semiprofessional athletes (six basketball players, three football players, one volleyball player, one wrestler). Patients had a documented history of OSD with refractory pain over the tibial tubercle for a mean duration of 15.5 months (range, 7 to 24; SD, 7.5 months). The mean age at the time of surgery was 23 years (range, 19 to 29; SD, 2.8 years). Demographic attributes of patients are summarized in Table 1 .
All patients were advised conservative treatment. Such measures included activity modification, topical/oral NSAIDs, physiotherapy, and infra-patellar band-strap for a minimum duration of six months. Professional athletes continued their sports activity with regular physical therapy intervals and practice modifications. Surgical treatment was indicated in those who did not improve despite conservative treatment; complained of isolated pain over the tibial tubercle and distal patellar tendon; diminished performance at a competitive level due to limitation by pain. Functional outcomes were evaluated assigning scores according to the Tegner activity level, Lysholm knee score and the Kujala patellofemoral scores, which were all statistically analyzed by using the SPSS 17.0 software (SPSS Inc, Chicago, IL) [13, 14] . Descriptive statistical parameters were calculated (frequency, mean, standard deviation, minimum, and maximum value). The t-test was applied to determine statistical significance between the pre-and post-operative scoring. A result value of 0.01 was deemed significant.
Surgical technique
Arthroscopy was done by using the anterolateral and anteromedial approach. Surgical portals were made closer to the patellar tendon by using this technique. A thorough examination of the intra-articular anatomy was done by performing knee arthroscopy. Retro-patellar soft tissue and the inflamed infrapatellar fat pad beneath the patellar tendon were debrided minimally by using a motorized shaver and radiofrequency probe to yield a more favourable area of visualization. An 18-gauge needle was advanced through the insertion site of the patellar tendon on tibial tubercle under fluoroscopic control. The ossicle was released from the surrounding soft tissue with a motorized shaver and radiofrequency device which was removed with a grasper (Fig. 1 ). After excision of the ossicle, the frayed surface of the retropatellar tendon underwent further debridement. The contouring of the irregular surface of the tibial tubercle was done with a motorized burr ( Fig. 2 ). Local anesthetic was infiltrated into the periportal area. Fluoroscopic and radiographic images at baseline control and after arthroscopy were done to ensure no remaining residue of nonunited ossicle ( Fig. 3a-b ). The lower extremity was placed in a soft tissue dressing after the completion of the procedure. Weight bearing and range of motion exercises were allowed on the first postoperative day as tolerated without any immobilization. Strengthening activities with straight leg raises were allowed at the first week after surgery. Patients were allowed to return to sports related training activities without any restrictions after five to nine weeks. 
Results
The mean follow-up period was 66.1 months (range, 15 to 96; SD, 25.6 months). No post-operative complication or recurrences were reported in the study cohort. Knee flexion with kneeling was possible after surgery in all patients. The mean post-operative return to the sports related training activities was 6.7 weeks (range 5 to 9; SD 1.3 weeks). The mean Kujala Patello-femoral score improved from 82.9 points (range 80 to 88; SD 2.6) pre-operatively, to 98.5 points (range 96 to 100; SD 1.6) during the final follow-up (p < 0.01). In addition, the mean Lysholm knee scale score was 87.5 points (range 86 to 90; SD 1.7) in the pre-operative period, increasing to 96.9 points (range 94 to 100; SD 2.5) during the final followup (p < 0.01). The mean Tegner activity level score was 7.5 (range 6 to 8; SD 0.9) in the pre-operative period, and showed an increase to 8.5 (range 7 to 9; SD 0.9) after surgery (p < 0.01). All patients were able to resume the same level pre-morbid level of sports activity and degree of participation. Follow-up results of the patients are provided in Table 2 .
Discussion
Osgood-Schlatter (OSD) is a common, self-limiting condition where conservative measures are sufficient when it is encountered both in the adolescent and adult patients. The aim of conservative treatment is to reduce the stress on the tibial tubercle and tension in the quadriceps muscle. Although conservative measures are usually all that is indicated to alleviate symptoms, symptomatic and persistent Osgood-Schlatter sequelae still do occur, especially in young adults and in patients who participate in professional or recreational sports. Operative treatment is rarely indicated when aiming to relieve symptoms and maintaining normal knee function for those cases who do not respond to conservative treatment [7] [8] [9] [10] 15] .
Traditional surgical procedures have been performed for years. Various surgical techniques have been described including the drilling of the tubercle, autogenous bone peg insertion through the tubercle, excision of the nonunited ossicles, and freeing cartilaginous fragment [7, 8, [16] [17] [18] . Flowers and Bhadresh reported 95% reduction in pain and 85.5% reduction of the prominence in 35 patients who underwent tibial tuberculoplasty and ossicle resection. Out of these patients, around 10% reported scar tenderness after 3.5 months [9] . Orava et al. [19] and Weiss et al. [18] also reported good functional results with these technique which was followed by publication of several reports [7, 10] Despite the good results obtained with the open technique, the risk of iatrogenic damage to the patellar tendon during the open surgery and early complications related to scar tissue which may be the factors that delay return to the sports activities and constitute important problems. Therefore, less invasive surgical methods have been favoured. Arthroscopic treatment has been popularized in the last few years for cases of recurrent or unresolved OSD. A case report [11] and technical note [8] have been described in the literature for recurrent OSD. It is postulated to be beneficial when compared to the open procedure for OSD, as it does not violate the patellar tendon. Other intra-articular knee pathologies can also be [8] . Beyzadeoglu et al. published arthroscopic excision of a nonunited ossicle secondary to OSD in a 24 years-old, male recreational soccer player. Furthermore, they proposed that sports activity may be allowed earlier with arthroscopic treatment [11] .
One of the main symptoms of OSD is pain when kneeling. Pihlajamaki et al. performed tibial tubercle resection with removal of the ossicle via open surgery in a series of one hundred seven young military man and reported relief of pain during kneeling in only 38% of cases [22] . Krause et al. reported that 60% of patients experienced discomfort when kneeling following conservative treatment for OSD [1] . According to literature, open surgical treatment had lower success rates in eliminating kneeling pain compared to conservative treatment [1, 22] . The reason for this could be due to the location of the scar tissue which situated in the anterior aspect of the knee after open surgical technique. We did not encounter pain with kneeling after arthroscopic treatment. Indeed, the absence of scar tissue formation is one of the main advantages of arthroscopic treatment comparing to open procedures.
A separate ossicle can give rise to patellar tendon irritation, eventually leading to pain. Pain may occur in the distal patellar tendon during kneeling, or by simply running and jumping. Arthroscopic visualization provides a closer examination of the posterior aspect of the injured patellar tendon surface. Following removal of the ossicle fragments, patellar tendon fibres with an irregular surface can be debrided arthroscopically. Arthroscopic debridement is also beneficial in healing of the distal patellar tendinosis. Currently, there are no reports in the literature comparing arthroscopy to open technique. Due to ease of the technique, increased patient comfort, better monitoring and treatment of possible accompanying injuries as well as tendinitis problems, the arthroscopic approach can be considered superior to the conventional methods in the treatment of OSD sequalea. A surgeon with experience in arthroscopy would likely prefer this method over the open approach.
Recently, Eun et al. described direct bursoscopic ossicle excision [20] . They suggested that infra-patellar fat pad would not be damaged, negating the need for anterior interval release via bursoscopic surgery. In contrast, they concluded that the major limitation of the bursoscopic approach may be the limitation of the working space and direct visualization. Advantage of the bursoscopic method is that there is no need for fat pad debridement which may be a further causative factor contributing to post-operative pain. Skilled surgical technique may minimize fad pad debridement during arthroscopy. In our study, we have scoped the patients from a small window through the fat pad, without damaging the inter-meniscal ligament or the horns of the anterior menisci. The patellar tendon insertion at the tibial tubercle, damaged tibial side of the patellar tendon and nonunited ossicle fragment could be visualized clearly in all of our cases. In addition, bursoscopic surgery could have possibly been inadequate when aiming to reduce the prominence of the tuberosity. Extra-articular fluid extravasation pose potential risks when employing the bursoscopic technique.
Symptomatic OSD is significantly more frequent in athletes [23, 24] . This study included active professional or semiprofessional athletes who had unresolved, persisting symptoms which adversely impacted their athletic performance. Therefore, surgical excision of the ossicle fragment was justified. In our case series, all of the athletes were able to return the same level of athletic activity and degree of participation as they had before the operation. Activity level was maintained as planned over the follow-up period. We found favorable functional recovery and pain relief in this athlete population.
This study has several limitations which need to be considered. A small number of patients were able to be evaluated and we did not have a control group for comparison. However, it should be maintained that this is a rarely performed surgical method for a condition mostly treated conservatively and resolves spontaneously. As far as we know, there is no study in the literature reporting the outcome of this technique so far. Previous reports on this topic are composed of case reports and surgical technique [8, 11, 12] .
We investigated the functional outcomes after arthroscopic treatment of unresolved OSD in athletes. In all athletes, the arthroscopic treatment of OSD yielded excellent or good functional outcomes. Arthroscopic techniques are increasingly favoured in the recent years, although no comparative studies could be cited in the literature. In conclusion, arthroscopic surgery for unresolved OSD has the major advantage of faster recovery and avoiding damage to the patellar tendon. These are consistent with the findings of our study.
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